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ABSTRACT 
 It is important to clearly define stress and social support in order to better understand how 
the body regulates when under stressful conditions because stress has implications for treatment 
and coping interventions. The widely known stress hormone cortisol is frequently used as an 
index of the body’s abilty to regulate itself during stress because cortisol has a profound impact 
on health and development. Consistently, strong evidence from research has found that social 
support from affiliated others serve as a buffer of stress, and certain types of social support may 
enhance stress regulation more than others. Self-report subjective measurements of stress can 
provide valuable information on saliency of the stressor, however the chance of response biases 
is possible due to a number of contributing factors that entails answering questionnaires. The 
same can be found for subjective social support self-report measurements. In addition to external 
factors of social support, recent research has found that oxytocin, known as the social bonding 
hormone, can also buffer the negative impact of stress and attenuate cortisol activity. Typically, 
when social support is provided, endogenous levels of oxytocin is increased in stressful 
moments. In this thesis study, I presented a theoretical model to examine moderating effects of 
different social support measures on the association between stress and cortisol levels in 
romanticly dating couples. The findings showed that perceived social support moderately 
buffered cortisol stress reactivity, while nonverbal behavioral support significantly buffered 
cortisol stress reactivity. Oxytocin reactivity and level of exposure only showed a trend effect on 
cortisol stress reactivity. Consummate love between the couples significantly buffered cortisol 
stress reactivity. The findings of this study gave empirical support for specific measures of social 
support in predicting cortisol reactivity to psychosocial stress in each of its own way.      
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CHAPTER ONE 
INTRODUCTION 
Stress influences individuals’ emotional state and has profound health implications, and 
potential deleterious consequences. Whether it is job-related stress, test examinations, health 
problems, or relationship conflicts, these stress factors can impact the individual and relationship 
quality with others. Fortunately, the impact of stress can be mitigated through coping, stress 
regulation, and social support. The present study focuses on social support defined as support 
provision from others that is carried out instrumentally and intentionally and may be a 
characteristic of those individuals or could be a momentary behavior of support. For example, 
within romantic relationships, social support from a partner has been implicated as a buffer of 
stress and even contributes to faster recovery from stress (Uchino, Carlisle, Birmingham, & 
Vaughn, 2011; Uchino, Cacioppo, & Kiecolt-Glaser, 1996; Thoits, 1995; Cohen & Wills, 1985; 
Cohen & McKay, 1984). One function that social support serves is as a resource for stress coping 
within stable, committed relationships. For the present study, I focus on how acute stress (day-to-
day stress) that elicits a stress response can be influenced by support of their romantic 
relationship.  
In examining how stress impacts dyadic relationships in couples, research can provide 
incremental understanding of how some individuals respond differently than others in supportive 
or non-supportive relationships. Whether through interviews, presentations, or performances, 
social evaluation is a form of acute psychosocial stress that most people experience. When 
encountering a social evaluative threat (i.e., being judged by a social group), the body’s stress 
response system reacts to the stressor, and a romantic partner may serve as a primary source of 
support to attenuate this type of disturbance to the stress system. One concern within this field, 
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described below, is that the methods used to conceptualize social support are highly variable 
from study to study so it is difficult to integrate findings across research. This can be due to the 
operationalization and measurement of social support. Studies have used observational videos 
(Collins & Feeney, 2004), self-report questionnaires (Walen & Lachman, 2000; Cohen, 1992), or 
social bonding hormones (e.g., oxytocin; Feldman, 2012) to examine social support as a 
moderator of stress-health links or between stress and cortisol levels.  
There is no gold standard for measuring social support, and most studies include only one 
(at most two) measures as a support index. One possible explanation for the different standards 
of measurement is that there are methodological differences across putative social support 
measures, which are mechanistically linked to stress and health differently. For example, social 
support may operate differently when provided in the moment or over longer spans of time, and 
methods may differentially tap into this state- or individual-level support. It is unclear whether 
support is beneficial as a characteristic of the person (i.e., only some relationships are beneficial) 
or that support is beneficial in the state (i.e., perceived at some times and not others). It may be 
that some social support measures (i.e., questionnaires) tap into individual proclivity to perceive 
social support in a relationship whereas other social support measures (i.e., bonding hormones or 
momentary nonverbal dyadic interactions) index social support in the moment of stress or 
challenge. This secondary data set study takes advantage of the fact that these measures of social 
support was measured in a study of couples during acute stress. The primary purpose of the 
initial study was to examine cortisol’s response to an established and well-validated stressor, the 
Trier Social Stress Test (TSST). Here, I build from that purpose to focus on social support. 
In this study, I examined multiple indices of social support that may buffer the body’s 
neuroendocrine response to a stressor in dating emerging adults. Social support was indexed in 
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one way as perceived and received supportiveness, respectively, after the acute stressor. Levels 
of support through nonverbal involvement was rated through observational methods as a measure 
of social support. Beyond these state-specific or momentary measures, this study also included 
couple-level and perceived availability social support measures. Measures indicative of 
individual perceptions of support as well as current relationship love rating were tested as 
relevant measures in buffering acute stress response. Oxytocin was examined as a biomarker of 
social bonding within romantic relationships and included as a theorized measure of social 
support indicative of socioemotional affiliation with their partners. I explored whether social 
support measures impact cortisol reactivity differently when support is high or low during an 
acute laboratory stressor. Understanding how and when social support buffers stress will have 
implications on the stress response system within its social context.  
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CHAPTER TWO 
LITERATURE REVIEW 
In beginning the literature review section, I will first cover the theory that guided the 
proposed model in this thesis. Conditional adaptation theory may help explain individual 
differences in response to a stressful context. Conditional adaptation theory is a ‘mid-level’ 
theory underneath a larger biopsychosocial perspective which emphasizes the interplay of 
biological mechanisms underlying psychosocial processes. The next section will start with basic 
biology of cortisol release in response to stress and its mechanism in regulating the body. In 
order to better understand stress response behaviorally, one must first know the biological 
mechanisms that underlie the behavior by explaining the significance in predicting cortisol levels 
as an outcome. These underlying mechanisms explain why certain behaviors are prevalent, 
present, or absent. Then, I will delve into research on stress, its definition, and the different types 
of stressors to elaborate further on the elicitation of stress response. Next, I will broadly cover 
literature on social support simply to connect state and other characteristics in a stress context to 
provision of social support. I will narrow in specifically with more direct evidence on social 
support as a buffer of stress as indexed by biological effect via cortisol reactivity. Lastly, I will 
talk about research that began to examine oxytocin as a buffer of stress and cortisol. Within the 
present study, the context of interest is an external stressor. In order to delve further into the 
meaning of stress and stress mitigation, therefore, conditional adaptation is used to guide our 
understanding for how the mechanism of early life influences could impact stress response 
system change over time. 
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Theoretical Framework 
Conditional Adaptation. Del Guidice, Ellis, and Shirtcliff (2011) defined conditional 
adaptation as an individual’s ability to adapt to his or her proximate social and physical 
environment to be evolutionarily fit for future developmental outcomes (p. 1563). In their 
Adaptive Calibration Model (ACM), the stress response system provides input and output 
information predictive of a person’s life history and developmental trajectory. In social contexts, 
the ACM postulates that in a person’s life history, both stressful (unpredictable and controllable 
events) and protective factors (social support and attachment security) interplay to prepare the 
body’s stress response system for proximal external stressors as an evolved system to adapt to 
the local environment. Furthermore, although the stress response system marks as the body’s 
reactivity and recovery to stressors in the state (or moment) of stress, conditional adaptation 
takes this notion a step further to explicate that supportive factors also can shape the body’s 
response to stressors that mitigates or acts as a protective mechanism. Conditional adaptation 
accounts for environmental influences (e.g., parent-child attachment, supportive romantic 
relationships) and person-level characteristics (e.g., gender, health). The conditions of where an 
individual started in life is predictive of where they may end up, but the association isn’t exactly 
linear and perhaps curvilinear over the life course. The ACM accounts for not only the negative 
factors that impact development but also considers positive factors (i.e., social support) that 
promote adaptation to context when given support resources that can mitigate the predicted 
trajectory of previous stress experiences. This theory is relevant to the present study because it 
allows for both longer-term effects of adaptational processes, like attachment theory and 
developmental theory, but also allows for shorter-term processes to be working as well within 
the individual.  
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The general notion that chronic and/or persistent early life stress is predictive of long-
term maladaptive outcomes or a dysregulated stress response system (Cichetti & Toth, 2005; 
Leucken & Lemery, 2004) is beginning to make strides toward understanding factors that can 
mitigate deleterious developmental trajectories. Therefore, it is important to look at stress and 
stress buffers because it can shape lifespan development (i.e., mental and physical health). 
Additionally, early attachment may provide a narrowed focus from a distal time period in an 
individual’s life that shaped some of his or her psychological and biological responses to stress, 
which research has translated as a static measure of stress coping response in future dyadic 
relationships (Mikulincer, Florian, & Tolmacz, 1990). Both notions take early experiences to 
predict proximal outcomes, but adaptation to stressors are mostly in the state of stress. External 
factors (e.g., avoidance, support) from support providers have stronger influence on the 
biological stress response than some distal factors from previous experiences. Research 
commonly accounts for distal effects because it provides person-level information prototypical 
of their response to stress contexts, and this would be indicative of an individual proclivity to 
respond to stress.  
The question that research has yet to answer is whether characteristics of the person 
influences stress response more so than the state or proximal context itself. It is possible that 
conditional adaptation in the state encompasses distal effects (i.e., individual characteristics) so 
that only the state-level factors determine stress physiology. It is also possible, however, that a 
lifetime of conditional adaptation has so strongly shaped stress physiology that stress physiology 
is largely determined. More specifically to this study, do individual characteristics 
overencompass provisional social support from romantic partners? Answering this question is 
likely different from one outcome to the next. The present study examined the stress hormone 
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cortisol as a support-related outcome. Therefore, it is necessary now to examine cortisol as an 
outcome. 
What Triggers the Release of Cortisol? 
              I will begin this section with the biological mechanism behind stress in order to 
understand the causes of stress, emotional response to stress, health decline, and adaptation to 
context. Much of the literature that I will cover in the stress section of the literature review will 
highlight studies that examined the hypothalamic-pituitary-adrenal (HPA) axis to explain 
individual differences and intra-individual change in response to stress. In order to show the 
relevancy of cortisol as the predicted outcome of stress and to understand how stress impacts 
health, I begin with cortisol and the biology behind experiencing stress. More detail on the types 
of stressors that activate cortisol release will be mentioned in the next section. 
Hypothalamic-pituitary-adrenal axis. Stress triggers cortisol release. The elicitation of 
stress response is intrinsic and biological, and the body has its way of regulating itself to adapt to 
conditions that puts stress on the physiology. In response to stress, cortisol (or glucocorticoid, a 
class of hormones from the HPA axis), is released and then activates the HPA axis through a 
circular flow (or feedback) mechanism. The mechanism begins with the first wave of release of 
corticotrophin releasing hormone (CRH), which is a hormone released from the hypothalamus 
that triggers the release of adrenocorticotropic hormone (ACTH) from the anterior pituitary 
gland. Entering into the second wave, ACTH stimulates the adrenal cortex (in the endocrine 
system) to release the glucocorticoid (or cortisol) into the bloodstream where it circulates 
throughout the body, especially to areas in the body that have high affinity glucocorticoid 
receptors (Sapolsky, Romero, & Munck, 2000). This top-down HPA effect initiates a negative 
feedback loop when cortisol released into the bloodstream and then activates glucocorticoid 
8 
 
receptors (GR) and mineralocorticoid receptors (MR) in the brain, which in turn suppresses CRH 
and ACTH from signaling floods of cortisol release into the bloodstream (Young, Abelson, & 
Lightman, 2004; Gunnar & Quevedo, 2007). Glucocorticoid receptors are located throughout the 
body, but in terms of activation of the HPA axis, much of this starts in the brain where GRs and 
MRs are most prominent in the hippocampus, a part of the limbic system that involves learning 
and memory (Sapolsky, Romero, & Munck, 2000; Joels & de Kloet, 1994). In essence, the brain 
records stress stimulation related to the context, especially for stressors that impact the limbic 
system and other affect-related neurocircuitry. This mechanism prepares the body to respond in a 
similar manner if an individual encounters the stressor again.   
Too much cortisol release can result in cytotoxicity (i.e., neuronal cell death) and produce 
a noxious effect on physiological immune function (Sapolsky, Romero, Munck, 2000; Lupien et 
al., 2009). Alternatively, HPA activation is essential for immune function not just as a response 
to stressors or pathogens but also to proactively protect the body from future damage from these 
stressors or pathogens (Webster, Tonelli, & Sternberg, 2002). Consistent with conditional 
adaptation theory, cortisol can have adaptive functions even in the moment of acute stress 
(momentary), moderate stress (momentary and salient), or chronic stress (constant, extended 
period, and salient). Individual adaptive response is conditioned by the context of the stressor or 
interaction with the environment. Additionally, the timecourse for cortisol release is highly 
influential for whether high or low cortisol release is expected or advantageous. In understanding 
the underlying psychological and biological mechanisms of the HPA axis, researchers can better 
identify what is stressful between persons and within persons across time. The next step is to 
clarify the definition of stress and the pertinence of stress per individual that pinpoints exactly 
what is being measured in research.  
9 
 
Operationalizing Stress 
The normal discourse of the usage of the term “stress” as a conceptual framework and as 
an objective measure of physiological response has been debated over the course of decades 
since Hans Seyle was known to coin the word in the 1960s in a letter to the editor of the journal 
“Nature” (Szabo & Somogyi, 2012; Selye, 1950). Over the years, scientists and medical 
professionals continue to assume mutual meaning of the word “stress;” however, the 
inconspicuous details of its inter-individual and intra-individual mechanisms and functions are 
left in the eye of the beholder. It is quite crucial to clarify the definition of stress prior to its use 
in empirical studies, theoretical models, and simply daily communication. The definition of 
stress that will apply particularly with this study is best stated by Gruen, Folkman, & Lazarus 
(1988) as “stress does not reside in any one variable but is a product of many interacting person 
and environmental antecedents, mediating processes (such as appraisal and coping), and short-
term and long-term outcomes, each capable of influencing the other” (p. 744; Folkman, 2011; 
Lazarus & Folkman, 1984; Lazarus, 1966). In other words, more salient (or emotionally 
connected) stressors influenced by ecological contexts can be more impactful to the individual or 
organism to elicit a response and to recruit resources that can counter possible negative outcomes 
resulting from the stressors. Furthermore, in order to distinguish between individual pertinent 
stressors (i.e., normal daily stressors that engender variation in inter-individual stress response) 
versus global stressors (i.e., unpredictable or uncontrollable stressors such as natural disasters or 
terrorist attacks that generate group stress response), researchers must pay close attention to the 
relationship between the individual and the stressor (Lazarus & Folkman, 1984; Hobfoll, 
Schwarzer, Koo Chon, 1998). Perceived stress or objective stress has different meanings for 
different people. Therefore, this brief overview emphasizes that a single definition of stress does 
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not exist; that it is necessary to differentiate between stress (as the body’s response to context), 
stressor (the context that triggers the body’s response), and coping (how the individual manages 
or perceives the stressor). Precise distinctions between these constructs are not feasible given the 
dynamic nature of stress and coping. Perceived stress, as defined by Cohen (1983), measures the 
degree to which situations in one’s life are appraised as stressful and that which one believed  
life is unpredictable, uncontrollable, and overloading (p. 387). Below, I use the term stress and 
stressor interchangeably to emphasize that events or external stimuli overlap at some level once 
the importance of appraisal is acknowledged as a determinant for whether a stressor is, indeed, 
stressful. 
Psychosocial stress. In the vast number of stress-related studies published in peer-
reviewed journals, still a number of articles imply the general use or tautology of the term 
“psychosocial stress” without cogently operationalizing the term (e.g., Newton, Webster, Binu, 
Maskrey, & Phillips, 1979; Homer, James, & Siegel, 1990; Bierhaus et al., 2003; Ohlin, Nilsson, 
Nilsson, Berglund, 2004; Montgomery, Ehlin, & Sacker, 2006; Yamamoto, Okazaki, Ohmori, 
2011). In other words, an assumption is generally made that psychosocial stress carries the same 
meaning as stress when the empirical definition of psychosocial stress may be different from 
stress as a behavioral measure. Hobfall, Schwarzer, & Koo Chon (1998) pointed out the 
tautological use of stress by clinicians and researchers to clearly have different meanings in the 
health context but assumed generally the same meaning. Even when psychosocial stress is 
defined, the operationalization varies depending on the use of the term in the journal articles. For 
instance, Woods et al.’s (2010) definition of psychosocial stress applied specifically to pregnant 
women as “an imbalance she feels when she cannot cope with demands expressed both 
behaviorally and physiologically.” Hansel, Hong, Camara, and von Kanel (2010) identified 
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psychosocial stress by job stress or burnout, low socioeconomic status, life event stress, and 
loneliness. Levine (2005) took on McEwen’s (2000) definition of stress as “a real or interpreted 
threat to the physiological or psychological integrity of an individual that results in physiological 
and/or behavioral responses,” but Levine later in the same journal article introduced the term 
“psychosocial stress” tautologically implying that it had the same meaning as “stress.” In Austin 
and Leader’s (2000) article, the same tautology between stress and psychosocial stress was 
assumed. Additionally, psychosocial stress is often used interchangeably as social evaluative 
stress particularly since Kirschbaum, Pirke, and Hellhammer (1993)’s publication on the Trier 
Social Stress Test (TSST) as a validated laboratory social stress test. To distinguish whether 
psychosocial stress and social evaluative stress are essentially the same thing, I will key in on 
research examining social evaluation as a stressor (or threat).  
Social Evaluative Stress. The Trier Social Stress Test (more details below in the Methods 
section) involves an evaluation of speech and arithmetic performance in front of a panel of 
judges. The TSST have been found to elicit a stress response indicated by reported perceived 
stress (Schlotz, Hammerfald, Ehlert, & Gaab, 2011) and cortisol increase from baseline 
(Kudielka, Buske-Kirschbaum, Hellhammer, Kirschbaum, 2004). The TSST even within its 
name places emphasis on  “social stress;” social evaluative stress helps explain the psychological 
and biological mechanism that take place amidst a stressful social situation. The saliency of 
social evaluative stress impacts cognitive and affective processes linked with limbic areas of the 
brain that is associated with emotions, which researchers have found to activate the HPA axis 
(Feldman, Conforti, & Weidenfeld, 1995). Dickerson and Kemeny (2004) reviewed 208 
empirical stress studies to parse out saliency of stressors that were categorized as novel, 
uncontrollable, unpredictable, or socially evaluative. Psychosocial stress has a strong impact on 
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the HPA axis as opposed to physical stressors (i.e., escaping predatory attacks), in which 
physical stressors’ effects on the HPA axis are commonly more short-term rather than long-term. 
Psychosocial stress embodies all three stressors categories (not so much novel stress), and when 
examining which category influences the HPA axis more strongly, Dickerson and Kemeny 
(2004) found that uncontrollable and social evaluative threat stressors were the most robust 
predictors of a cortisol stress response. More specifically, studies that used “motivated 
performance with social evaluative threat and uncontrollability” to elicit stress response in 
participants found an increase of 0.31 standard deviations in cortisol levels above baseline. 
The focus on social evaluative stress is conceptually advantageous over the broader term 
“psychosocial stress ” because psychosocial can be viewed to imply a trait or vulnerability within 
the individual to view or appraise the stressor as such, but social evaluative threat more clearly 
indicates the stressor as an external context in which the individual is judged or evaluated by 
others. Individual differences in psychosocial processes are implied more as dyadic interactions 
between an external evaluation that is viewed by the individual as a threat. To put in another 
way, social evaluative stress emphasizes that social processes involve an interaction of the 
individual with other individual(s) in a dynamic interchange while there will still be individual 
differences in stressfulness of the situations. This view of social evaluation has also allowed for a 
burst of research that examines the dyadic process between an external evaluation and the 
individual response to threat . For example, research is emerging that examines when the 
external environment is viewed as supportive or evaluative. Since Dickerson and Kemeny’s 
(2004) meta-analysis, a new line of research have begun to test moderation effects between 
social evaluative threat and the HPA axis (Dandeneau et al., 2007; Blackhart, Eckel, & Tice, 
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2007; Gruenewald, Kemeny, & Aziz, 2006). Prior to going into health-related outcomes related 
to stress, I will first differentiate between stress and anxiety as constructs. 
Stress and anxiety. Too often, stress and anxiety are used interchangeably (or even 
sometimes depression) and measured to mean the same thing (e.g., Shirtcliff et al., 2014; Smith, 
Hancock, Blake-Mortimer, & Eckert, 2007; Glynn, Schetter, Hobel, & Sandman, 2008), but 
theoretically and empirically, these are two very different constructs. Readers would be left to 
imply that stress and anxiety are different conditions especially when reaching a methods section 
of an empirical study article. According to the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (DSM-5) that includes a differential diagnosis section, it is important to 
differentiate between stress and anxiety to parse out the differences between anxiety disorders 
and stress disorders (American Psychiatric Association, 2013). When healthy patients 
subjectively express feelings of stress or anxiety to practitioners, these feelings descriptions 
could vary between patients. For example, one patient could claim that they are “stressed out” 
assuming the patient is stressed; conversely, another patient describes their worries as “I’m 
freaking out,” which could mean stress or anxiety. To complicate matters, much of stress and 
anxiety physical symptoms overlap (e.g., heart palpitations, increased respiration, sweaty palms, 
dilated pupil). Proper treatment would entail accurate diagnosis of the disorder, and that would 
also mean understanding the underlying psychological and biological mechanisms of stress and 
anxiety. Although stress researchers and anxiety researchers can differentiate between the two, 
the clear distinction has not been well pronounced across multitudes of journal articles (Putwain, 
2007). Therefore, the general population could find that stress and anxiety to be practically the 
same construct and would inappropriately use the same treatments to alleviate symptoms (Endler 
& Parker, 1990).  
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Based on the DSM-5 (2013) and review by Craske et al. (2009), anxiety physical 
symptoms include muscle tension, fatigue, restlessness, difficulty sleeping, irritability, edginess; 
other symptoms are constant, chronic, and unsubstantiated worry about health, family, money, or 
work that goes on for days on end. Research on anxiety commonly measure state or trait anxiety 
(e.g., State-Trait Anxiety Inventory;Spielberger, 1989). Endler and Kocovski (2001) broke down 
anxiety by two facets for state anxiety: 1) cognitive-worry and 2) autonomic-emotional, and for 
trait anxiety: 1) social evaluation, 2) physical danger, 3) ambiguous, 4) daily routines, 5) self-
disclosure, and 6) separation anxiety. As expected, anxiety dimensional facets have similar 
descriptions, yet stress also encapsulate the characteristics of state and trait dimensions. 
Therefore, the overlap in the use of the terminologies of stress and anxiety is unsurprising; 
however, hormone research on stress and anxiety have thus far raised more questions about the 
distinction between stress and anxiety. For example, one study examined the association between 
stress biomarkers cortisol (HPA activity) and alpha amylase (autonomic nervous system activity) 
with state and trait anxiety and did not find a significant association with cortisol but instead with 
alpha amylase (Takei et al., 2004). The results indicated that anxiety was related to a faster 
acting response to stressors, which also could mean that anxiety symptoms are more associated 
with the autonomic nervous system than with HPA activity. Parsing out the biological 
mechanisms of stress disorders and anxiety disorders could benefit understanding of treatment 
effects of physiological and psychological symptoms of stress and anxiety. Beyond 
differentiating between stress and anxiety, this literature is relevant for emphasizing that the 
state- or trait-level characterization of a construct (in this case anxiety) can function very 
differently in an individual. This is relevant to this study because it illustrates that both state- and 
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trait-level (individual perceived feelings) variables are relevant for understanding stress. The 
thesis, however, focuses on state- and trait-level social support as relevant for mitigating stress. 
Health and Well-being 
 Changes to the psychological and biological state under stress can have health 
implications. Studies on the biological mechanisms of stress provide the underlying internal 
effects of the body’s response to harmful and stressful external factors. Behaviors associated 
with perceived (or subjective) stress do not always match perfectly with health and well-being; 
however, endogenous measures of stress via cortisol can add to the ability to predict health 
outcomes. Acute stress (or momentary stress) sets the body up for immune defense and protects 
the body from infections or virus and accelerate wound healing (McEwen, 2000). Otherwise, 
chronic or constant psychosocial stress suppresses immune function and lower the body’s 
defense to pathogens, which links to illness (McEwen, 2000; Dhabhar, 2008). Prolonged 
psychosocial stress also impact psychological health in the case of development of depressive 
symptoms (Kiecolt-Glaser & Glaser, 2002). Acute stress is more common across development as 
opposed to chronic stress, which typically is for a narrow period of time. Studies examining 
acute psychosocial stress have strong implications for day-to-day stress experience and 
management of stress (stress coping). 
Social Support: A Natural Resource 
The above sections have covered how the Adaptive Calibration Model (ACM) accounts 
for individual-specific responses to stress. Furthermore, I covered how HPA activity in response 
to stress (in particular, psychosocial stress) can be examined through cortisol levels change 
within individuals and compare between individuals. This will allow to parse out characteristics  
that are specific to the individual in the state of stress. Then, I mentioned about the discrepancies 
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in research articles with defining stress and differentiating between stress and anxiety. Now, I 
will cover research on social support as a buffer of stress and also some of the issues with 
defining social support as a multidimensional construct.  
Buffering hypothesis. Social support is a psychosocial resource provided by significant 
others (e.g., friends, partners, spouses, family members, coworkers; Thoits, 1995) and is further 
defined as “information leading the person to believe that he or she is cared for and love, 
esteemed, and a member of a network of mutual obligation” (Cobbs, 1976, p. 300). Studies that 
examined attenuated stress moderated by social support added incremental understanding of the 
regulatory mechanism of the HPA axis. Social support is a multidimensional construct that 
embodies emotional, instrumental, tangible, and functional support that is usually provided by a 
loved one, friends, or caregivers (Florian, Mikulincer, Bucholtz, 1995; Cutrona & Suhr, 1992; 
Wallston et al., 1983). Commonly, there are two hypotheses that researchers use to test social 
support either as a buffer (or moderator) or predictor of stress and health outcomes. The 
buffering hypothesis and direct effects hypothesis are used to test whether social support 
promotes better mental and physical health as well as stronger bonded relationships within dyad 
relationships. The direct effects hypothesis postulates that social support functions as a direct 
impact on mental and physical health, especially when social support is received consistently and 
abundantly (Cohen & McKay, 1984; Cohen & Wills, 1985; Uchino, Cacioppo, & Kiecolt-Glaser, 
1996). Typically, research testing direct effects hypothesis examines social support as a predictor 
and health as an outcome or stress as a predictor and health as an outcome. Conversely, research 
on the buffering hypothesis tests stress as a predictor and health as an outcome with social 
support moderating the association between stress and health. An example of the buffering 
hypothesis is when individuals experience chronic stress and health issues but has substantial 
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support from loved ones; in this case, social support acts as a psychological, physical, and 
biological buffer of stress. For example, research examined social support effects on female 
patients suffering from breast cancer (Turner-Cobb et al., 2000), clinically depressed individuals 
(Hagerty & Williams, 1999), unemployed men (Gore, 1978), and grieving individuals (Thoits, 
1995). Results commonly found that social support was related to better coping mechanisms, 
shortened durations of distress, positive perspective of future outlook, and recovery of mental or 
physical health illnesses. Each of these predicted outcomes can be indicative of individual 
characteristics and perceptions of social support when received in the moment of need. Although 
social support can have strong effects on health outcomes, stress also impacts mental and 
physical health.  
Much of the literature on social support focused on the stress buffering hypothesis to 
explicate ways to reduce symptoms of illnesses and produce better health outcomes, which also 
postulate that social support functions as a protective factor against the negative effects of 
psychosocial stress (Cohen & McKay, 1984). Another type of social support more recently 
studied is invisible support (Bolger, Zuckerman, & Kessler, 2000; Howland & Simpson, 2010; 
Girme, Overall, & Simpson, 2013). The nuance of invisible support compared to received or 
perceived support is that a person may not be aware of support provided by their significant other 
(i.e., unexpected housework completed) or that a person may not code support provision as 
support. Other research examined social support as a function of enhancing the bond or closeness 
of romantic relationships and prolonging the quality of the relationships. Studies including both 
improved health and relationship betterment are more recent (Danes, Craft, Jang, & Lee, 2013; 
Pernice-Duca, 2010; Beach & Gupta, 2006) and have identified differences in the types of social 
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support exhibited that accounted for these outcomes (Cutrona & Russell, 1990; Sherbourne & 
Stewart, 1991).  
 Types of social support. Differences in the types of social support (e.g., received and 
perceived) are commonly found to demonstrate effectiveness of the buffering effect on stress. 
According to Cutrona and Russell’s (1990) theory of optimal matching, the type of social 
support must match the type of stressor that elicits emotional response for strengthened buffering 
of stress. Based upon their review of empirical findings, optimal matching of stressor with 
support type included, in general, that uncontrollable stressors elicited more emotional support 
(comfort, acceptance, attention) while controllable stressors recruited more instrumental support 
(providing information) and emotional support (particularly encouragements). For instance, 
individuals who experience extreme stress (i.e., natural disasters stress, Norris & Kaniasty, 1996; 
coronary heart disease stress, Sherbourne & Stewart, 1991 and Lett et al., 2005) may receive 
instrumental support or emotional support through the accompaniment of friends and loved ones, 
physical touch, words of affirmation, or providence of daily needs or tasks in which these 
examples demonstrate received support. These supportive behaviors are found to be more salient 
as perceived support if the person experiencing the stressor perceives the supportive behaviors as 
being helpful for their emotional state and that they are better able to cope with the stress as a 
result of receiving that support (Holt-Lunstad, Smith, & Layton, 2010; Branje, van Lieshout, & 
van Aken, 2005; Norris & Kaniasty, 1996). It is noteworthy to mention the difference between 
perceived and received support here since support provided for the receiver (received support) 
may not necessarily be perceived by the receiver as social support. In Norris and Kaniasty’s 
(1996) study on victims of Hurricane Hugo in 1989 and Hurricane Andrew in1993, they 
examined a path analysis of proximal consequence of support mobilization after the hurricane 
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and the maintenance of perceived support. Social support flooded in from multiple resources 
(e.g., FEMA, churches, neighbors, friends, family). Ultimately, their findings concluded that 
continuation of perceived support and best mental health outcomes had the strongest association. 
Due to the large amount of evidence, perceived support (measured through self-reports) will be 
used to measure social support as a construct in this study along with received support (measured 
through self-reports, observations, hormone level and reactivity) as an additional measure to test 
concordance of support. 
 Various measures of social support across studies add to the complexity of its definition 
due to how social support is constructed and factored. Furthermore, social support may also be 
defined as a subjective experience in perceptions, judgment, and memory processes particularly 
in self-reports (Lakey & Drew, 1997), which indicates how an individual may perceive support 
given in the moment (state support) and even in researcher’s observational coding of behaviors 
(Haber, Cohen, Lucas, & Baltes, 2007). In addition, observed social support can provide an 
additional measure of support with the goal of reducing biases from respondents. Social support 
tended to be context-specific, time-specific, or group-specific. Therefore, measures of perceived 
support (self-report of provided support) and objective measures of support (behavioral 
observations) would test the reliability of state social support under stress. 
Social support that involve “physical and psychological closeness, increase sensory 
stimulation, signal availability for interaction, and communicate positive affect” (Guerrero, 
2014) relative to psychosocial stress can have potent effects on the biological system. Nonverbal 
interactions between romantic partners communicate love and intimacy. These nonverbal 
communications of support could have an unconscious effect that may only be detected “under 
the skin.” Guerrero (1996, 1997) studied a number of nonverbal behaviors in dyadic interactions, 
20 
 
such as eye behavior, touch, proxemic distance (distance between persons), forward lean, body 
orientation, gaze, kinesic animation, attentiveness and interest, nods, bodily relaxation, random 
movement, smiles, and facial pleasantness, to distinguish between relationship status (friendships 
vs. romantic partners) and between adult attachment styles. In the present study, Guerrero’s 
coding system of nonverbal involvement and immediacy of behaviors is an additional measure of 
social support to examine an unexplored facet of provisional support in stress studies. A 
limitation to self-report measures of social support is any underlying biases reported by 
respondents, while observational measures that examine global support behaviors, whether 
conscious or subconscious to the individual, has been receiving attention in research. Therefore, 
this study includes a nonverbal behavior support measure to self-report measures of support 
provision and perceived availability of support to explore whether each facet has very distinctive 
or similar effects on stress response.        
Perception of provided support is an “eye of the beholder” perspective and can be 
regarded as an individual disposition that characterizes if an action is viewed as supportive or 
non-supportive. Personal history, involving those who belong in an individual’s support network, 
those who were in that network but excluded, and those who left the network and allowed back 
into the network, plays a large role in support appraisal. A benefit with assessment of provisional 
support is that it is context-specific; however, one drawback is that support measures focus on 
the construct rather than individual propensities in perception of support. Appraisal of support 
has been studied as an important factor in predicting morbidity and mortality in various 
populations (Cohen, 1988; Kiecolt-Glaser, McGuire, Robles, & Glaser, 2002; Uchino, 2006). A  
measure assessing the inclusion of those in an individual’s support network and appraisal of that 
support network (Sarason, Sarason, Shearin, & Pierce, 1987) provides insight into an 
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individual’s proclivity to rate his or her satisfaction with that support network as indeed 
supportive. In romantic relationships, love perceptions is an important factor to consider and ties 
in well with social support since support provision is expected in loving relationships. Sternberg 
(1988) divided love into three categories (intimacy, passion, and commitment) in his Triangular 
Theory of Love. Within Sternberg’s Triangular Love Scale (TLS), respondents are asked to rate 
few provisional support statements. For example, one item stated, “I am able to count on (name) 
in times of need.” Some other examples of provisional support and even perceived support of 
romantic partners are  “‘I receive considerable emotional support from (name),’ ‘I feel that 
(name) really understands me,’ ‘I feel that I can really trust (name),’ and ‘I share deeply personal 
information about myself with (name).’” Of course, the sole purpose of the TLS is to assess 
respondent’s perceptions of consummate love within romantic relationships. The survey items on 
the TLS are relevant to the couples in this study to gauge their perceptions of love as a couple-
level measure to test its effect on stress responsivity.  
In the context of romantic relationships and the buffering of elevated stress, the rate and 
effectiveness of mitigating negative effects of cortisol could be influenced by levels and types of 
social support provided within these dyadic relationships. Typically, studies involving cortisol 
reactivity and recovery of stress postulate that a hyperactive stress reactivity (Ditzen et al., 2008) 
and faster cortisol recovery found in romantic partners is a coping mechanism that feeds back as 
a moderator of stress (Powers et al., 2006; Gunlicks-Stoessel & Powers, 2009). The opposite is 
found for relationships that are perceived as unhappy, insecure in maternal attachment, and 
highly anxious in which lower physiological reactivity and slower recovery of cortisol was found 
(Laurent & Powers, 2007). 
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  Beyond external factors that mitigate HPA activity in response to stress, underlying 
internal factors could better explain how social buffering predicts health outcomes. When 
examining social support (perceived, received, instrumental/practical, or emotional) moderating 
the association between stress (social evaluative threat or physical stressor) and cortisol levels 
(HPA activity: reactivity and recovery slopes), it is a combination of exogenous factors exerting 
its influence on endogenous activity. Perhaps, taking an additional measure of social support that 
is endogenous (i.e., within the body), research can extrapolate these findings to conclude that 
behavior is in essence biological and psychological. In Hostinar, Sullivan, and Gunnar’s (2014) 
review, they proposed a conceptual model with oxytocin neurobiological pathways to buffering 
stress and HPA activity. The researchers drew on previous animal and human studies that found 
oxytocin functioned as a social buffering of stress. In their model, they proposed that the 
relationship between supportive early relationships (i.e., attachment, social relationships, self-
esteem, emotion regulation) and stress is mediated by social support neurocircuitry and 
peripheral physiological activation (i.e., oxytocin release, prefrontal cortex activation, other 
neurotransmitters). Also, they included in their model individual differences (e.g., genetics, 
culture, gender, age) as moderators, which fits with the ACM theory and ties in well with the 
buffering hypothesis.  
A novel view of social support, then, is to specifically examine the neurobiological 
measure of oxytocin as a biomarker of social support. Recent research has investigated oxytocin 
buffering cortisol responses to stress (Feldman, 2012; Quirin, Kuhl, Dusing, 2011; DeVries, 
Glasper, Detillion, 2003; Heinrichs, Baumgartner, Kirschbaum, & Ehlert, 2003). Sue Carter, who 
spent much of her research career studying social bonding behavior initially in monogamous 
prairie voles (Carter, DeVries, & Getz, 1995), examined oxytocin and vasopressin influence in 
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pair bonding propensity and increased regulation of the HPA axis (Carter, 1998). Carter’s 
findings sparked a line of research that examines oxytocin as a social bonding hormone capable 
of mitigating stress and reducing cortisol levels. Oxytocin release is in response to maternal 
behaviors, sexual stimulation, uterine contractions, lactation, and several other behaviors (see 
reviews by Insel, 2010; MacDonald & MacDonald, 2009; Meyer-Lindendberg, Domes, Kirsch, 
& Heinrichs, 2011). Although vasopressin is an important hormone in biofeedback mechanism 
during stress, this literature review section will focus only on oxytocin research and its 
mechanism with the HPA axis (or cortisol) for feasibility purposes. 
When under stress, the hypothalamus neurons (brain cells) signal other neurons in the 
posterior part of the hypothalamus to release oxytocin from the posterior pituitary gland centrally 
(to cerebrospinal fluid) and peripherally (to the bloodstream). Oxytocin receptors are located 
throughout the body and serve different facilitated functions within different locations (Gimpl & 
Fahrenholz, 2001). For example, when peripheral oxytocin release from the brain bind with 
oxytocin receptors in mammary and uterine tissues, it facilitates milk letdown for breastfeeding 
and uterine contractions for pregnancy labor (Insel, 2010; Insel, 1997). Oxytocin has been 
consistently found to modulate stress response and HPA activation (Heinrichs, von Dawans, 
Domes, 2009) by buffering HPA reactivity to psychosocial stress (Heinrichs et al., 2001). It is 
not yet known the exact mechanism for how oxytocin buffers HPA activity (DeVries, Glasper, & 
Detillion, 2003), but research has found that oxytocin mediates HPA activity in the 
hypothalamus and in the pituitary gland via CRH and ACTH suppression (Altemus et al., 1995; 
Lightman, 2006). Correlational studies have shown that plasma increase in oxytocin is positively 
associated with HPA reactivity to stress, suggestive of a co-regulatory increase in oxytocin 
24 
 
during a time in which buffering is needed (Henrichs, von Dawans, Domes, 2009; Ditzen et al., 
2008; Heinrichs, Baumgartner, Kirschbaum, & Ehlert, 2003).  
Based on this information, intervention studies have recently tested oxytocin as treatment 
for psychological and behavioral functioning in populations with mental disorders. Oxytocin has 
also been researched as preventative treatment for social behavior problems, such as traits found 
in individuals with autism spectrum disorder (ASD). For example, intranasal spray of oxytocin 
has been found to increase social functioning and social integration in ASD individuals 
(Yamasue et al., 2012). Heinrichs, Baumgartner, Kirschbaum, and Ehlert (2003) found that 
social support and oxytocin interact to buffer stress response and cortisol in the context of 
psychosocial stress. Along with the notion that oxytocin is a social bonding hormone, as 
indicated earlier, oxytocin is also known to increase prosocial behaviors (see review by Kosfeld, 
Heinrichs, Zak, & Fischbacher, 2005) and to produce anxiolytic effects in response to stress (De 
Oliveira et al., 2012). Including oxytocin as an endogenous measure of social support would not 
only add to the internal reliability of the social support measure but also test the endogenous 
interrelations of the neurobiological pathways that responds to stress in social contexts. Taken 
together, a multidimensional view of social support can benefit from integration of a relevant 
neurobiological measure with empirical support of its role within the body during social support. 
Despite this appeal, however, oxytocin functions very differently within males and females, and 
thus sex differences must be discussed within this study even though male and female status is 
not a main component of the theory. In the following section, I will briefly go over why sex 
differences is included in a study that examines neuroendocrine stress response. 
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Sex Differences 
 Romantic partners in this study are heterosexual and randomly assigned one as a support 
seeker and the other as a support provider. With this research design, examination of sex 
differences in response to stress is made possible and would add to the little that is known about 
cortisol-oxytocin links in males and females during acute stress. Sex differences in stress 
response are surprisingly few in research literature and needs further follow up to find if there are 
sex-specific mechanisms in place when examining social support or stress. Sex-specific 
differences can be found in social support perceptions and its influence on stress responsivity. 
For example, Kendler, Myers, and Prescott (2005) studied male and female dizygotic twins at 
risk for major depression and found that women who reported higher levels of emotional support 
were more protected from major depression than men. With laboratory acute stressors, 
Kirschbaum, Klauer, Filipp, and Hellhammer (1995), however, found that women receiving 
support from their romantic partners had increased cortisol responses while the men had an 
attenuated stress response when receiving support from their female partner. Women typically 
have stronger social networks than men (Kendler, Myers, & Prescott, 2005) and may respond to 
stress by affiliating with others as a coping mechanism (Taylor & Stanton, 2007). In sum, 
although sex differences are not a main focus, there are apparent differences between males and 
females in nearly every measure included in this study. In this study, I examined sex as another 
moderator of stress response and cortisol levels.  
Purpose of This Study  
 Dyadic responses to the Trier Social Stress Test between romantic partners have recently 
been explored by Heinrichs and colleagues (Meuwly et al., 2012), in which they found couples 
with more positive dyadic coping of stress to show a buffered stress response. The purpose of the 
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present study was to further understand the mechanisms of the changes of the HPA axis via 
cortisol in response to an acute stressor moderated by immediate support and individual 
proclivity in perceptions of support within romantic partners. Perception of support is expected 
to moderate reactivity to the stressor because this type of support has strong valence in the 
experience of provisional support and may exhibit a more profound effect. Conversely, received 
or provisional supportive behavior, is expected to be indicative of cortisol recovery because this 
behavior follows a stressful task or event.  
Hypotheses 
To test the theoretical model, seven hypotheses will be examined using multi-level 
modeling. Hierarchical Linear Modeling (HLM) is fitting for this data analysis because it can 
analyze repeated measures to obtain biological growth curve at group level and individual level 
effects. 1) I hypothesize that participants will show cortisol reactivity to the TSST and cortisol 
recovery. 2) I hypothesize that perceived support will show lower cortisol reactivity (buffered 
effect) to the lab stressor. 3) I hypothesize that received support will show less of an effect on 
stress response than perceived support. 4) I hypothesize that nonverbal behavioral support will 
show lower cortisol reactivity. 5) I hypothesize that oxytocin level of exposure as well as 
oxytocin reactivity will show a buffered stress reactivity. 6) I hypothesize that trait measures of 
social support will show a buffered stress reactivity. 7) I hypothesize that male and female status 
will show different stress response patterns to the lab stressor.  
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Figure 1. Social Support Moderation Model 
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CHAPTER THREE 
METHODS 
Participants 
Sample demographics. A total of 63 couples (total of 126 undergraduate students) were 
recruited from the University of New Orleans through Craigslist, flyers, advertisements, and 
classroom announcements. Each couple in the study was screened to have been romantically 
dating for at least twelve months prior to participation. All couples in this study were 
heterosexual. The target sample in this study is primarily data collected from the participant and 
not the partner; however, only one piece of data from the partner was included in this study (see 
below). Participant were 18 to 34 years old (M=22.11, SD=2.83) and their partner were 18 to 31 
years old (M=22.53, SD=3.04). Of the number of participants in this study, 48% were females. 
During the recruitment screening of prospective participants, exclusionary criteria were 
implemented with individuals who were pregnant or breastfeeding, taking oral contraceptives or 
psychoactive drugs, and reporting any mental illnesses. Both the participants and their partners 
participated in the study at the university campus laboratory for 2.5 to 3 hours. All data 
collection was at the University of New Orleans (UNO), and the Institutional Review Board 
(IRB) for this study was approved. Additional IRB approval was sought to access videos of the 
study for observation and urine samples for assays, which was approved by the Iowa State 
University IRB.  
Study Design 
Laboratory setting. Laboratory visits were in the Department of Psychology at the 
University of New Orleans. Participants entered a specified room number,which had an 
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additional room with a concealed door (the control room). The control room consisted of a table 
with two chairs and a big screen television with a microphone and speakers. In the main room, 
the setup resembled a student workspace and lounge area, which was whatthe participants saw 
when arriving in the lab. The main room was equipped with spotlights pointing at a white, empty 
wall that had a hidden stage under an unostentatious table. The table was moveable and 
converted into a judges table for a three-persons seating. Any distractible objects or items in the 
main room were removed prior to beginning the stress experiment. When the stress experiment 
began, the spotlights were on with the participant standing in front of a white, empty wall on the 
stage and the participant looked out at the desk with three seated confederates (described below), 
a blank wall and two large recording cameras on tripods directed at the participant. 
Trier Social Stress Test. The experimental design for this study was based on 
Kirschbaum, Pirke, and Hellhammer’s (1993) Trier Social Stress Test (TSST) designed to elicit 
social evaluative stress. Single pairs of romantically dating couples arrived in the laboratory at 
approximately 2:00 PM (end of lab visits around 4:30 PM to 5:00 PM). A trained research 
assistant greeted the couple and brought them into the control room. Upon arrival, the researcher 
read and provided the couple with informed consent forms to fill out. Once the couple signed the 
informed consent, the researcher then randomly assigned one person to be the participant and the 
other person to be the support provider. These role assignments did not come with specific 
instructions on how to provide social support, instead these assignments were to distinguish who 
participated in the stress test and who did not but expected to provide social support.  
Couples spent the first hour completing questionnaries. At around one hour after arrival, 
the researcher read a script for the participant to spend 10 minutes preparing a job interview 
speech in which he or she would speak for exactly 5 minutes and would be judged by 
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professional interviewers. The researcher left the control room for the participant to prepare a 
speech. While the participant prepared the speech, the support providerwas observed through the 
camera to examine any form of social support behaviors or lack thereof. This 10-minute pre-
stress task observation is described below as a measure of partner social support.  
After 10 minutes, the participant was escorted out of the control room alone and onto the 
stage in the main room to stand in front of three confederate judges (C1, C2, C3) all dressed in 
white lab coats. The participant was prompted to begin speaking by one confederate judge (C2), 
and anytime the participant stopped speaking for 5 seconds, the same confederate judge (C2) 
prompted in a neutral tone to continue speaking. Confederate judges were instructed to maintain 
a neutral facial expression throughout the TSST and to keep verbal prompts limited to the script 
provided (see Whalen, 2007). At the end of 5 minutes, the C2 asked the participant to perform a 
mental math task (for another 5 minutes) out loud subtracting 13 from 6,233 as fast and 
accurately as possible and to keep subtracting until they reached zero. During the entire 10-
minute TSST, the support provider watched and listened to the participant’s performance on the 
big screen television in the control room. Once the time was up, the participant was escorted 
back into the control room to be reunited with the supporter. For the remainder of their time in 
the laboratory, the couple completed questionnaires. Questionnaires and daily diaries were 
entered by undergraduate research assistants and double data entry was also completed. All data 
were compiled and stored in a secured, password-protected folder located on the UNO network. 
At the end of the experiment, the researcher debriefed the participant and supporter, 
compensated $25 to both participants in the study, and provided the participant with a basal box 
to take home. In the basal box, six microvials with instructions, a daily diary, and an ice pack 
were packed in a box for the participant to spit in each microvial in concordance with the spit 
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times in the laboratory, which the researcher recorded on the box for each spit time while in the 
lab. The purpose of the basal box was to compare neuroendocrine levels on a lab day to a normal 
day (or basal day). Participants were instructed to return basal boxes within the same week as the 
lab day experiment. Due to a small number of return of basal boxes (N = 25), these data were not 
included in the analyses. Furthermore, a baseline measure was captured within the lab day with 
sample 2.  
Cortisol Measure 
Saliva sample collection. Participants were instructed to abstain from any foods and 
drinks at least for one hour prior to coming to the lab. If the participant ate, drank liquids with 
low pH levels, or brushed teeth before coming into the lab, research assistants provided the 
participant with bottled water to rinse mouth. After rinsing, the participant waited at least 10 
minutes before providing a saliva sample. Six saliva samples in total were collected from the 
participant throughout the time in the lab. Saliva was collected in a 2-mL microvial tube through 
passive drool. After each provided saliva sample, each participant filled out a daily diary 
assessing diet, exercise, medications, menstrual cycle, and emotion ratings. Saliva samples were 
collected at arrival (to measure arrival effect), one hour after arrival (baseline), immediately after 
the TSST (peak), 30 minutes after the TSST (delayed peak/recovery), 50 minutes after the TSST 
(recovery), and 90 minutes after the TSST (recovery). Means and standard deviations of sample 
collection times for each sample as well as number of samples are displayed in Table 1 (total N = 
337 samples). 
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Cortisol assays. All saliva samples were assayed for cortisol levels at UNO’s Wet 
laboratory from the start of the study upon completion of the study (in May 2014). Saliva 
samples were immediately stored in a freezer at -80οC and thawed on the day of running enzyme 
immunoassays (EIA). The samples were centrifuged for 15-minutes at 3,000 rpm. Standardized 
EIA kits (www.salimetrics.com) were utilized to conduct the assay for cortisol. Intra-assay 
coefficient of variance was 3.00%, and inter-assay coefficient was 13.62%. Standard curves (or 
calibration curves) were analyzed using 4-parameter sigmoid minus curve fit to plot independent 
sample cortisol concentration onto the curve, which represented levels of cortisol. 
One outlier was detected and windsorized to the nearest highest value still reflecting the 
highest cortisol value in the data. The cortisol data was positively skewed and was natural 
logarithmically transformed with an added constant to move the data to above zero. The 
dependent variable was the natural log transformed values of cortisol. Across six time points of 
cortisol data, cortisol peak time was identified when participants showed either the highest 
cortisol value across the six time points or when cortisol values significantly rose from the 
second time point to the third or fourth time point. The first time point should indicate arrival 
effect in that participants may arrive to the lab already with high cortisol, and therefore, the 
Table 1. Saliva sample collection times
M SD N
Sample 1 14:04 0:08 57
Sample 2 15:23 0:15 59
Sample 3 15:44 0:16 57
Sample 4 16:05 0:20 58
Sample 5 16:38 0:14 55
Sample 6 17:07 0:21 51
Note:  Times are in military format. 
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second time point (one hour after arrival) would be a marker of baseline. Given that cortisol 
recovery is within 20-40 minutes, the second time point captured one hour after the initial time 
point should measure baseline. The fifth and sixth time points are expected to capture recovery 
of cortisol response after peaking. As peak time was identified for each participant, cortisol data 
was centered at peak time. A time to peak variable was created as reactivity response or cortisol 
rise to peak (stress reactivity) by centering at peak time and subtracting sample measurement 
time from peak time, which created negative values decreasing as time neared peak. Lastly, a 
time after peak measure was created as recovery after cortisol peak (stress recovery) by again 
centering at peak time and subtracting sample measurement time from peak time, and this 
created positive values increasing as time distanced from peak. These two time variables are 
predictors of cortisol levels. The purpose in creating these variables was to adjust for any 
correlated error between cortisol samples by creating independent scores of stress reativity and 
stress recovery. This, in turn, reduces the correlation between the stress reactivity and stress 
recovery measures with cortisol levels (the dependent variable).  
Social Support Measures 
 Received support. Received support was assessed using a 4-item measure that was given 
to the participant to rate the level of support he or she received from support partner followingthe 
TSST stressor. The same measure was given to the support partner to rate the level of support he 
or she provided to the participant (see Appendix I). The total number of responses from 
participants was N = 37 and from supporter partners was N = 32. Missing data resulted from this 
measure being added after the study began; other missing data on these measures wasat random. 
Measures were given to participants and support providers several minutes after completing the 
TSST. The participant rated received emotional and practical social support, whereasthe 
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supporter rated himself or herself as a support provider. The purpose of assessing received 
emotional support and practical support was to see if there was a distinction between the two 
types of support according to participants’ responses. Additionally, emotional and practical 
support may be displayed or perceived differently under stressful conditions. Due to a small 
number of responders from the support providers, that data was not included in the analyses.  
 Perceived support. From the same questionnaire as above, participants rated perceived 
emotional and practical social support from their support partners as well as support partners  
rated their own provisional support. Perceived support was assessed to test whether participants 
perceived supportiveness provided by support partners was indeed supportive. The data for 
perceived emotional and practical support by participants were also normally distributed. The 
Cronbach’s alpha for all four items (M = 19.26, SD = 5.54) were 0.77 with an inter-item ICC of 
0.46; ANOVA test showed no significant difference between items within persons [F(3) = 1.84, 
p = 0.144]. For the items that assessed received and perceived emotional support (M = 9.87, SD 
= 3.22), the Cronbach’s alpha was 0.74 with an inter-item ICC of 0.58; ANOVA test showed a 
significant difference [F(1) = 5.10, p = 0.03) between these two items. The items received and 
perceived practical support (M = 9.39, SD = 3.03) had a Cronbach’s alpha of 0.60 with an inter-
item ICC of 0.43, and ANOVA test showed no significant difference between items [F(1) = 0.35, 
p = 0.557]. The items received practical and received emotional support (M = 10.03, SD = 2.67) 
had a Cronbach’s alpha of 0.42 and inter-item ICC of 0.27; ANOVA test showed no significant 
difference between items [F(1) = 1.86, p = 0.181]. The items perceived practical and perceived 
emotional support (M = 9.27, SD = 3.38) had a Cronbach’s alpha of 0.71 and inter-item ICC of 
0.56, and ANOVA test showed no significant difference between items [F(1) = 0.008, p = 
0.929].  
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 Nonverbal behavioral support. Videos recorded of the couples’ interactions were used to 
code for nonverbal supportive behaviors exhibited by the supporter. Without any verbal 
communication included, several dimensions of support behaviors that pertained to nonverbal 
involvement, such as “immediacy, expressiveness, altercentrism, smooth interaction 
management, composure, and positive affect” (Guerrero, 2014), were observed and rated. Using 
a rating scale developed by Guerrero (1996, 1997), two trained raters coded for involvement and 
immediacy of support behaviors 10 minutes pre-TSST and 10 minutes post-TSST. Guerrero 
(2014) offered training instructions for raters on the use of the nonverbal involvement scale, and 
thus, both raters went through a one week training that included (not exclusive to) reading 
Guerrero’s studies and simulation of behaviors from the scale. Guerrero used this scale in 
previous studies to examine supportive behaviors in couples (Guerrero, 1996; 1997). In previous 
studies, the scale separated by categories reported inter-item and inter-rater reliability estimates 
and Ebel’s intraclass correlations, which ranged from 0.73-0.98, 0.56-0.96, and 0.38-0.99, 
respectively (more details with multiple studies in Guerrero, 2014). Ratings from the two trained 
raters for this measure were not highly correlated r = 0.35 with a Cohen’s kappa of 0.16. Inter-
item reliability estimate was 0.51 (Cronbach’s alpha) with an inter-item ICC of 0.35. 
The items from Guerrero’s scale were utilized as global measures of nonverbal 
involvement/supportive behaviors. The scale was separated into two sessions (10-minutes before 
the TSST: pre-TSST and 10-minutes after the TSST: post-TSST) using the same exact coding 
system and scale (35 items per time point, total N = 70 items). One item on the scale was reverse 
coded to fit the scale format of positive items reflecting higher ratings. The ratings of both coders 
were averaged, as suggested by Guerrero (2014). Then, two separate sum scores were created for 
the 35 items pre-TSST and 35 items post-TSST. The sum scores were quite large; therefore, a 
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mean score of the two time points were created. Cronbach’s alpha for the two time point 
measures (pre-TSST and post-TSST) of nonverbal involvement/supportive behaviors was 0.82 
with an inter-item ICC of 0.70; ANOVA test showed a significant difference between the two 
time point measures [F(1) = 41.45, p < 0.001]. The data was normally distributed.  
Urine sample collection. Urine samples were collected at two time points to measure 
oxytocin levels and oxytocin change as a measure of biomarker of support, as mentioned 
previously of oxytocin level and response to bonding behaviors influence on anti-glucocorticoid 
activity during stress (Quirin, Kuhl, & Dusing, 2011; Heinrichs, Baumgartner, Kirschbaum, & 
Ehlert, 2003). Upon arrival and after the first saliva sample, the first urine sample was provided. 
Each participant was asked to provide the first urine sample (as a complete void) in a 60-mL cup 
to measure oxytocin levels. The second urine sample was collected at the end of the 2.5 hour 
intervalright before debriefing (total N = 124 samples). The interval between these two samples 
thus captures the entire amount of oxytocin exposure during the study (including the stressor 
period) given that urinary measures are a cumulative index of total hormone exposure since last 
void. 
Oxytocin assays. Urine samples were frozen immediately and then stored in -80°C 
ultrafreezer. The 2-3 day assay protocol was designed by Toni Ziegler who consulted and trained 
lab members during the assay period to ensure optimal protocols were completed with a 
relatively novel assay, which is invalidated if not performed correctly ( McCullough, 
Churchland, & Mendez, 2013). Urinary samples went through a solid-phase extraction with 
200mg SepPak C18 cartridges (Waters, Milford, MA). A urine sample volume of 2 mL was 
extracted, and methanol and deionized water were added to wash the samples. Two milliliters of 
0.1% trifluoroacetic acid in deionized water was added to the sample. Next, 2 mL of diluted 
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acetonitrile was added to the SepPak column. After elutant was collected through a series of 
dilution and wash of pretreated samples, urine samples were dried down in a water bath using 
nitrogen gas and then reconstituted in assay buffer. The enzyme-immunoassay process to assay 
oxytocin levels used a commercially-available and validated ELISA kits (Assay Designs, 
Farmingdale, NY). Microtitre plates were coated with goat antibody specific to rabbit 
immunoglobulin G (IgG). A competitive binding of oxytocin covalent bonds within urine to the 
antibody on the plate is completed through adding a blue solution of alkaline phosphatase 
conjugated with oxytocin and adding a yellow solution of a rabbit polyclonal antibody to 
oxytocin. Overnight incubation of the plates allow for antigen-antibody binding to occur over the 
kit’s recommended time period. All reagents were washed away that were unbounded, and p-
nitrophenylphosphate in buffer was added to the plate to cause an enzyme reaction. After a short 
incubation, the reaction was stopped using a diluted solution of trisodium phosphate, which 
generated a yellow color. The plate was read at 405 nanometers per second, and the reading 
output displays the intensity of the bound yellow color in each well. A standard curve was 
calculated based upon the optical density readings that is inversely proportional to oxytocin 
concentration amount in each well. Intra- and inter-assay coefficients of variation (CV) was 
determined by Optical Density CV oxytocin standards (high and low). Inter-assay CV was 
2.54%, and intra-assay CV was 3.50%. 
To correct for variation in urine volume, water content variation or times since prior void, 
all samples were creatinine-corrected (Ziegler, Scheffler, & Snowdon, 1995; Seltzer et al., 2014). 
Creatinine assays were performed in clear, uncoated microtiter plates. Creatinine Detection 
Reagent was added to each well and incubated for a short time. The plate was read at 490 
nanometers per second, and the resulting color in each well is inversely proportional in optical 
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density (OD) to concentration of creatinine levels. The ODs within range of the standard curve 
demonstrate normalized levels of oxytocin found in urine and healthy samples void of 
cardiovascular or dysregulated insulin levels.  
Two scores were calculated with the oxytocin data: a level score and a change score. 
Using Pruessner, Kirschbaum, Meinlschmind, & Hellhammer’s (2003) area under the curve 
(AUC) data transformation method, the variables AUCG and AUCI were created. This method is 
commonly used in endocrinological studies that include estimates of changes of hormones and 
overall secretion over a specific time period. Other data transformation methods exist; however, 
for this study, it is fitting to use AUC measures of oxytocin as the hypothesis stated to capture 
oxytocin change over the 2.5 hours in the lab and oxytocin levels of individuals. Using Optical 
Density values from the oxytocin assays, AUCG was calculated with the formula AUCG  = [(m2 + 
m1) * t1] / 2 and for AUCI  = AUCG - (m1 * Ʃti) with n - 1, i = 1. Measurement (m) denotations 
were the two oxytocin measures at arrival and at closing of the study. Time (t) denotation was 
the duration of time participants were in the lab (2.5 hours). AUCG accounts for the difference 
between sample 1 and sample 2 (oxytocin change over time) and the distance of this change from 
zero (oxytocin level of change over time), which indicates total hormone output. AUCI measures 
the sensitivity of response in which excludes the distance from zero, which in turn, essentially 
captures oxytocin measurement change over time between arrival and closing of the study. The 
data was positively skewed for AUCG and was natural logarithmically transformed to produce a 
normal distribution of the data. AUCI data was normally distributed. There was no correlation 
between the two AUC raw scores (r = -0.089, p = 0.489). Both sets of the AUC scores included 
an added constant to move the scores to above zero.  
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Social support network size and satisfaction with support network. The Social Support 
Questionnaire-Revised Scale (Sarason et al., 1983) were provided to participants to list and 
number those in their support network as well as rate their level of satisfaction with their support 
providers. One issue in using this scale for this study was the non-specificity of the items related 
to romantic couples. However, the utility of the scale is to capture participants’ perception of 
their support network and overall satisfaction with that network. The items (N = 6) that assessed 
number of people in support network (M = 19.69, SD = 10.13) has a Cronbach’s alpha of 0.88. 
The items (N = 6) that assessed satisfaction with support from the support network (M = 31.83, 
SD = 4.44) had a Cronbach’s alpha of 0.85. A total of 52 cases were included in data analysis; 
some participants did not respond to this questionnaire.  The distribution of the data for social 
support network was normal; however, satisfaction with the support network (SSNS) was 
negatively skewed (skewness = -2.157, SE = 0.33). All transformations of the SSNS data 
worsened the distribution, and therefore, the raw scores of SSNS were usedin thedata analysis.  
Love. Two scales were used to measure romantic love between partners: the Triangular 
Love Scale (Sternberg, 1988) and the Passionate Love Scale (Hatfield & Sprecher, 1986). The 
TLS measured consummate love composed of intimacy, passion, and commitment. 
Theoretically, high scores reflected consummate love, and this scale has been found to be a 
reliable and valid measure of the implicit theory of love within committed relationships 
(Sternberg, 1997). As described above, many of the items tap into social support within the 
romantic partnership. For example, item 3 states “I am able to count on (name) in times of need.” 
Item 6 states “I receive considerable emotional support from (name).” Item 13 states “I feel that 
(name) really understands me.” Item 14 states “I feel that I can really trust (name).” Item 15 
states “I share deeply personal information about myself with (name).” The PLS measured 
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passionate love between the couples such that higher scores theoretically indicate passionate love 
in couples. This scale was also found a reliable and valid measure of passionate love between 
romantic partners (see Hendrick & Hendrick, 1989; Fehr, 1988, Fehr & Russell, 1991). With the 
TLS (M = 370.94, SD = 38.10), the reliability estimates for this 45-item scale were 0.84 
(Cronbach’s alpha). For thePLS (M = 226.82, SD = 32.97), the reliability estimates for this 30-
item scale were 0.79 (Cronbach’s alpha). The sum scores of the TLS and PLS were combined 
and then averaged into one score. The reliability estimates for TLS and PLS (M = 15.63, SD = 
1.94) combined score were 0.83 (Cronbach’s alpha). The data werenormally distributed, and the 
total scores werestandardized into z-scores to center at the mean with a standard deviation of 
one.  
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CHAPTER FOUR 
RESULTS 
Statistical Analyses 
Preliminaryanalyses were conducted to test degree of association between measures. 
First, a bivariate correlation was tested between cortisol levels (LNCORT) and samples (N = 6) 
to examine if cortisol from sample to sample were correlated; no correlation was found (r = -
0.088, p = 0.106) as expected within acute stress tests. Second, Pearson correlations were tested 
between social support measures (see Table 2), which showed correlations between each 
measure of received and perceived support (ps < 0.05), except between received emotional 
support and received practical support (r = 0.27, p = 0.101). Other significant correlations were 
found between received practical support and satisfaction with the support network, perceived 
emotional support and satisfaction with thesupport network, perceived practical support and 
love, satisfaction with thesupport network and love, satisfaction with the support network and 
oxytocin level, and pre-TSST and post-TSST nonverbal behavioral support (ps < 0.05).  
Primary data analyses were run in Hierarchical Linear Modeling (Scientific Software 
International, Skokie, IL). Two-level analyses were conducted due to the nested nature of 
cortisol samples within individuals. Intra-class correlation was calculated with final estimation of 
variance components u0 (Level 2 residual variance) and r (Level 1 residual variance). Of the total 
variance, 62.96% of the variance was explained by within individual differences, and 37.04% of 
the variance was explained by between individual differences (χ2 (45) = 689.44, p < 0.001). With 
approximately 63% of the variance explained by within-individual changes in cortisol levels, 
particularly in this sample, this indicated stress response varied from one time point to another 
time point and that participants were engaged with the different components of the study. Also, 
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pattern of responses varied by individuals. The other 37% of the total variance indicated that 
there were differences in cortisol levels from person to person. The utility of multi-level 
modeling is to extract group-level and individual-level differences in predicted cortisol.  
Did cortisol show stress reactivity and stress recovery to the TSST? In Level 1, cortisol 
level (LNCORT) was set as the outcome variable Yij with stress reactivity (TBP) and stress 
recovery (TAP) variables as predictors. As described above TBP is the time (in minutes) from 
laboratory arrival until the participants peak, and TAP is the time (in minutes) following their 
cortisol peak which allows time to be centered on the time in which the individual’s cortisol level 
peaked. Each cortisol measure i that is nested in participant j is equal to average cortisol levels 
β0j. The base model for Level 1 is  LNCORTij = β0j + β1j*(TBPij) + β2j*(TAPij) + rij. The 
interaction term β1j*(TBPij) is the slope change in cortisol levels before the peak, and β2j*(TAPij) 
is the slope change in cortisol levels after the peak with rij capturing any residual variance in the 
model that is unique to each participant. Random parameters were included for β0j and β1j but not 
for β2j since essentially every participant had a slope decline post-peak (i.e., recovery) and the 
inter-individual variability in β2j was not statistically significant. Conversely, variability was 
found for peak cortisol levels and stress reactivity.  
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Figure 1. Cortisol Reactivity and Recovery Exposure to Psychosocial Stress 
The base model illustrates the overall pattern of cortisol response to the TSST. The 
intercept in the base model was β0j = 3.74, p < 0.001, which suggested that participants’ peak 
cortisol levels on average is 3.74 and with a SE = 0.09. Reactivity slope was significant (β1j = 
0.26, p < 0.001) indicating that for each unit (in minutes) increase in time before the individual’s 
cortisol peaked, there was a 0.26 increase in cortisol levels. This positive beta is expected, and 
hereafter β1j is described as cortisol reactivity. Recovery slope was also significant (β2j = -0.45, p 
< 0.001), and as mentioned, this indicated that participants’ slopes after peak significantly 
declined at the rate of -0.45 per unit decrease. This negative beta is expected as cortisol recovery 
to reflect the individual’s return to baseline following a stressor via negative feedback. Hereafter, 
β2j is described as cortisol recovery to reflect the interaction between a Level 2 moderator and the 
Level 1 predictor of TAP. In sum, the base model tested whether there was significant stress 
reactivity to the TSST stressor and significant recovery after the stressor, and the test showed 
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evidence that participants were reactive and recovered. Therefore, participants were engaged 
with the TSST. 
Did received support moderate stress response and cortisol levels? On Level 2, the 
variables received emotional support and received practical support were included separately to 
examine these two types of received support as a moderator of the stress response (β1j and β2j) as 
well as peak cortisol levels (β0j) as cross-level interactions. Both support measures were added to 
the model grand-mean centered (mean for the variables across all units). Parsimonious model 
results showed that received emotional and practical support did not significantly moderate stress 
response and cortisol levels (ps > 0.088). 
 
 4
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Did perceived support moderate stress response and cortisol levels? Perceived emotional and practical support were included 
as moderators in the base model at Level 2 grand-mean centered. There was a trend for perceived emotional support to buffer cortisol 
stress reactivity (β1j = -0.07, p = 0.079 trend). The rise in stress reactivity was not as steep for those who reported higher scores on 
perceived emotional support (see Figure 2). Perceived emotional support significantly moderated cortisol stress recovery (β2j = 0.09. p 
= 0.031). The drop in stress recovery was not as steep when perceived emotional support was high. As these cortisol measures are 
simultaneously measured, it suggests additive effects where individuals with greater perceived support showed both smaller reactivity 
rises and less steep cortisol recovery. Thus, the perception of emotional support was important in buffering stress for participants. 
Perceived practical support did not moderate stress response and cortisol levels (ps > 0.089). 
Table 2. Descriptive statistics and Pearson correlation matrix of support measures
Variable M SD N 1 2 3 4 5 6 7 8 9
1. Received emotional support 5.24 1.60 38
2. Received practical support 4.79 1.74 38 0.27
3. Perceived emotional support 4.63 1.99 38 0.596*** 0.436**
4. Perceived practical support 4.61 1.84 38 0.427** 0.429** 0.557***
5. Social support network 3.32 1.69 52 0.195 0.008 0.100 -0.298
6. Satisfaction of support network 5.30 0.74 52 0.09 0.419* 0.481** 0.212 0.08
7. Love 15.6 1.94 52 0.103 0.175 0.357+ 0.376* -0.03 0.632***
8. Pre-TSST nonverbal behavioral support 2.81 0.76 39 0.396+ 0.302 - 0.027 0.133 0.02 -0.262 -0.14
9. Post-TSST nonverbal behavioral support 2.27 0.55 39 0.261 0.132 0.081 -0.032 -0.04 -0.062 0.08 0.729***
10. Oxytocin level 2.41 0.77 62 - 0.097 - 0.16 - 0.217 -0.026 -0.02 -0.285* 0.01 0.076 -0.12
+p<0.10; *p<0.05; **p<0.01; ***p<0.001.
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Figure 2. Perceived Emotional Support Trend Effect on Cortisol Reactivity 
Did nonverbal behavioral support moderate stress response and cortisol levels? Pre-
TSST and post-TSST measures were included in the model grand-mean centered as Level 2 
predictors of peak cortisol levels, cortisol reactivity and recovery, respectively (see base model 
above). This allowed a test of whether nonverbal support prior to stress exposure and post-stress 
exposure influenced cortisol response to stress. In the parsimonious model, participants who 
received higher scores on pre-TSST nonverbal support showed significantly overall lower peak 
cortisol levels (β0j = -0.20, p = 0.045) after controlling for pre-TSST nonverbal support at time 
before peak (p = 0.435). Post-TSST nonverbal support was not significantly associated with 
stress response or peak cortisol levels (ps > 0.192). Figure 3 provides a visual display of these 
results. 
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Figure 3 Nonverbal Behavioral Support Significantly Different Peak Cortisol Levels 
 
Figure 3. Nonverbal Behavioral Support Significantly Different Peak Cortisol Levels 
Did oxytocin moderate stress response and cortisol levels? Oxytocin area under the 
curve measures (AUCG and AUCI) were included on Level 2 grand-mean centered, using the 
base model described above as Level 1. AUCG measured oxytocin level or overall exposure to 
oxytocin in the time spent in the lab from arrival to just prior to departure from the lab. A trend 
effect of AUCG was found in stress recovery and cortisol levels (β2j = 0.07, p = 0.075 trend), 
which indicated that individuals with greater overall exposure to oxytocin showed a flatter 
cortisol recovery slope after the stressor; this must be interpreted cautiously, however, as it is a 
trend. AUCI measured change in oxytocin from time 1 to time 2. In examining oxytocin change 
(or oxytocin reactivity), a trend effect of AUCI was also found in cortisol stress reactivity (β1j = 
0.43, p = 0.086 trend). Those who showed greater reactivity in oxytocin also showed a moderate 
2.8
2.9
3
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
1 hr pre peak 1 hr post
LN
C
O
R
T
Time
high nonverbal support
low nonverbal support
48 
 
reactivity in cortisol, and although the effect was moderate, the direction of the effect was 
unexpected.  
 
Figure 4. Oxytocin Level Trend Differences in Cortisol Recovery 
 
Figure 5. Oxytocin Reactivity Trend Differences in Cortisol Reactivity 
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Did social support network size and satisfaction with the support network moderate 
stress response and cortisol levels? Social support network size was included in model at Level 
2 grand-mean centered as a trait measure examining whether the number of support network 
influenced stress response and cortisol levels, and the results showed that it did not (ps > 0.36). 
Satisfaction with the support network also did not moderate the association between stress 
response and cortisol levels (ps > 0.534). Analyses only included complete Level 1 data. 
Controlling for these trait measures to examine if participants’ trait characteristics influenced 
slope changes was not included in this thesis.       
Did love moderate stress response and cortisol levels? Participant endorsement of love 
was included un-centered on Level 2 also as a trait measure of participants’ perception of love 
within the romantic relationship with their partners. In examining this trait characteristic of the 
couples’ relationship, it provided information on how bonded participants felt with their partners 
and how much it can influence change in cortisol in response to stress. No significant difference 
was found in cortisol peak level (β0j = 0.09, p = 0.385). Love significantly moderated the 
association between stress and cortisol reactivity (β1j = -0.09, p = 0.028). Figure 4 provides a 
visual demonstration of this finding. Participants who reported higher ratings of love in their 
romantic relationship had a less steep increase cortisol reactivity to stress.   
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Figure 6. Cortisol Reactivity Differences in Consummate Love Ratings 
Did sex moderate stress response and cortisol levels? When controlling for male or 
female status (un-centered) on the intercept and stress recovery slope, sex moderated stress 
reactivity and cortisol levels (β1j = 0.002, p = 0.045). The men in this study were more stress 
reactive to the TSST than the women in this study, but no differences were found between men 
and women in average cortisol levels and in stress recovery. 
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CHAPTER FIVE 
DISCUSSION 
Summary of Research Findings 
This thesis tested whether different forms of social support impacted cortisol reactivity to 
an acute stress when people had their romantic partner nearby. A biopsychosocial theoretical 
model was utilized with a particular emphasis on biological indices of stress (i.e., cortisol) and 
social support (i.e. oxytocin). Given the repeated measures design of the study, the outcome 
variable (cortisol) was assessed repeatedly over time; therefore, the hypotheses were tested using 
multi-level regressions in HLM to examine how various types of social support impact cortisol 
level and change in response to stress. Empirical findings provided some support for the 
hypotheses and were specific to the social support measures as theorized. Below, I consider why 
each measures of social support predicted cortisol reactivity to stress in its own way. 
First, I examined several state-level measures of social support to test whether support “in 
the moment” impacted the stress response. I found that received social support did not moderate 
stress responsivity; this was not surprising because support provision that was not perceived by 
the individual has little saliency. Instead, I found that the perception of emotional support by the 
individual during stress moderated cortisol responsivity to stress. Second, nonverbal observed 
behaviors, indicative of partner’s provision of support were examined to measure couples’ 
interactions in the lab. Such observed support predicted participants’ overall cortisol levels when 
provided prior to the stressor. This measure may also be a trait measure capturing support 
partner’s tendencies to be involved, attentive, and expressive in support behaviors with their 
romantic other. Third, I found that oxytocin reactivity throughout the stress session was 
associated with a steeper cortisol reactivity slope. Additionally, participants with higher 
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endogenous oxytocin levels showed a moderately flatter slope in stress recovery. Due to a 
slightly more responsive reactivity slope, cortisol recovery was slower.  
 Participants’ social support network and the satisfaction with their support network were 
used to examine whether participants’ social support in general influenced their responses to 
social evaluative stress. I found that the size of the support network and satisfaction with support 
from that network did not moderate stress responsivity to the TSST. Participants’ perceptions of 
love in their romantic relationship with partners, however, buffered stress reactivity such that 
participants who reported more love with their partner in general showed a flatter cortisol slope 
incline during the acute stressor. This love measure was relevant in this study since romantic 
partners in dating couples focus heavily on each other’s responses to socioemotional behaviors 
regularly as compared to other individuals within a broader support networks. The couple-level 
love that participants felt toward their romantic partners appeared to become important when 
participants experienced social evaluative stress. Lastly, as hypothesized, men were more 
reactive to social evaluative stress than women in this study. Biological sex was included to 
examine male and female neuroendocrinological responses to social evaluative threat. The 
findings from this study were consistent with the literature that social evaluative threat elicited a 
stronger reaction in men than in women (Wang et al., 2007; Kirschbaum, Wust, & Hellhammer, 
1992).  
Size of the support network, satisfaction with that network, and couple-level consummate 
love can offer insight into individual internal propensity to respond to a stressful situation that 
may hint at each individual’s unique conditional calibration of their HPA activity. Overall, 
examination of context-specific moderators independent of these moderators may lack ecological 
validity of individual responses to stress, especially if stressors occur regularly in their natural 
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environments. It is recommended in future studies that controlling for such factors related to 
stress response is an important component of stress studies due to underlying and adaptational 
processes that account for a life history of experiences with stressors.  
Did Social Support Buffer Cortisol Reactivity?  
The nature of the Trier Social Stress Test is to elicit a stress response to social evaluative 
threat (SET); given that participants in the present study were reactive to SET, it became feasible 
to test the moderating effects of various types of social support on stress responsivity.  
Social support helps individuals to cope with stress, yet these perceptions are unique to a 
person’s distal and proximal experiences with stress and social support. The findings from this 
study further supports this theoretical stance that a multi-faceted look at social support informs 
on types of social support that have larger impact on cortisol responses to acute stress and can 
hint at programmable adaptational responses due to previous stress experiences. Focusing first 
on acute or state-level support, it was expected that perceived emotional support from romantic 
partners wouldbuffer cortisol reactivity. The perception of support may be important because the 
HPA axis is mediated by affect-related neurocircuity and an individual’s perception of an 
emotional or stressful experience begins in neurolimbic areas (e.g., insula, medial prefrontal 
cortex, amygdala) which directly initiate HPA stress regulation (Abelson et al., 2008). 
Additionally, regulatory neurocircuitry can reduce HPA activation (Pruessner et al., 2010) 
including prefrontal structures during acute stressors (Kern et al., 2008). Regulatory and affect-
related neurocircuitry often work in combination to allow an individual to adapt to their social 
context. This view emphasizes that the perception of that context as a stressor is central to 
initiating a stress response. Taken one step further, my findings fit with the idea that perception 
of support is central to reducing the response while experiencinga stressor. While affect-related 
54 
 
neurocircuitry is likely activated by the TSST, the individual who feels supported may be 
capable of mounting a larger regulatory response to reduce peripheral stress responsivity. 
The perception of support mattered in the moment, but also the background support from 
a romantic partner also impacted cortisol reactivity. Relative to valence of support from romantic 
partners, perception of love within the relationship was found to significantly predict stress 
reactivity. A weak correlation was found between perceived emotional support and perceived 
love, indicating these are not overlapping constructs. Perceived love, which includes ratings of 
consummate love and emotional support combined, offered a powerful effect in stress buffering. 
Furthermore, nonverbal involvement and immediacy of support from romantic partners was 
associated with lower overall levels of cortisol, which stress participants received particularly 
from partners who most likely was inclined to be supportive. From a biopsychosocial view, it is 
unlikely that there is a completely separate neurocircuitry related to the couple-level love 
measure. Instead, the same interplay of regulatory and affect-related neurocircuitry can provide 
the individual with the psychosocial resources to diminish stress reactivity when they have 
greater love and support. Taylor and colleagues found that individuals with greater psychosocial 
resources could diminish stress reactivity to the TSST (Taylor et al., 2008), and this was 
accomplished via reduced affect-related neural activation (e.g., amygdala) and enhanced 
regulatory activation (e.g., prefrontal cortex). They conjecture that social support may act as a 
stress buffer in much the same way as psychosocial resources: through enhanced regulatory and 
reduced affect-related neural activation (Taylor, Dickerson, &Klein, 2002). 
Is There Support for Biopsychosocial Processes? 
 The link to biopsychosocial theory was also considered by examining oxytocin as a 
biomarker of social support within bonded relationships (e.g., romantic dyads). In recent years, 
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oxytocin has been theorized as a social bonding hormone that can mediate HPA activity under 
conditions of stress in humans (Heinrichs, von Dawans, & Domes, 2009; DeVries, Glasper, & 
Detillion, 2003; Taylor, 2006). Earlier studies that started with small animal species sparked this 
theory through experimental procedures (administration of oxytocin) that elucidated oxytocin’s 
facilitated functions within homo sapiens and could potentially be generalized to humans 
(Windle et al., 2004; Neumann, Kromer, Toschi, & Ebner, 2000; Carter, S., 2003). Many 
theoretical implications of these studies derived from exogeneous influence of oxytocin 
(intravenous injections or intranasal spray) on biological responses to certain conditions, which 
does not make clear oxytocin’s exact role in biopsychosocial processes. This is mainly due to a 
lack of a baseline oxytocin measure prior to oxytocin administration in order to truly capture 
level of change or magnitude of change within individuals. An additional barrier to examining 
basal oxytocin is that the neuropeptide is highly context-specific and person-specific (Bartz, 
Zaki, Bolger, & Ochsner, 2011); therefore, inter-individual variance should be expected. Another 
limitation of experimental studies administering oxytocin is that most studies use only 24 IU of 
oxytocin, which can last up to 2 to 4 hours post-administration, while endogenous oxytocin could 
climb substantially higher under prosocial conditions or affiliative bonding with close others 
(Carter, 1998). Research has yet to affirm the cross-level interaction between exogenous 
oxytocin and endogenous oxytocin intra- and inter-individuals. To my knowledge, only one 
study has examined endogenous effects of oxytocin on cortisol reactivity to an acute stressor 
(Seltzer et al., 2014). The present study adds to the few existing literature and aims to examine 
oxytocin’s underlying biological mechanistic interactions with the HPA system as a biomarker of 
support without exogenous manipulation.  
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A growing number of studies focused on oxytocin as a biomarker of social emotional 
processing in clinical populations (i.e., autism spectrum disorder, Modi & Young, 2012; 
borderline personality disorder, Bartz et al., 2010; major depressive disorder, Slattery & 
Neumann, 2010; post-traumatic stress disorder, Seng et al., 2013; schizophrenia, MacDonald & 
Feifel, 2011; and social anxiety disorder, Neumann & Landgraf, 2012). Other studies have tested 
exogenously administered oxytocin in response to stress in healthy populations. Heinrichs, 
Baumgartner, Kirschbaum, & Ehlert’s (2003) found that social support and intranasal oxytocin 
could suppress cortisol reactivity during psychosocial stress. Kubansky and colleagues’ (2009) 
experimental research tested intranasally administered oxytocin and social support as additive 
measures of stress buffering effects using double-blind and placebo-controlled procedures. The 
combined effects of a support provider and exogenous oxytocin was found to have stronger 
effects on stress responses before and after stress exposure compared to other experimental 
conditions (oxytocin vs. placebo; social support vs. no social support). Both of these studies 
concluded that their findings were social support from relationships with strong valence had the 
most powerful effect on stress buffering above and beyond oxytocin administration. This does 
not discount the powerful effects of oxytocin, which Kubansky and colleagues (2009) also found 
that those with higher levels of oxytocin output had better vagal control, benign stress reactivity, 
and reduced subjective distress. Contrary to the above studies, the present study found that 
greater endogenous oxytocin reactivity was related to enhanced cortisol reactivity to the 
psychosocial stressor. Two possible explanations can be made for this finding that may seem 
contrary to the previous literature. First, exogenous hormones operate very differently than 
endogenous hormone release, often generating opposite findings. Given that this study is one of 
the first of its kind to examine endogenous oxytocin in this context, it is difficult to extrapolate 
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from oxytocin administration studies. Like my study, endogenous oxytocin reactivity to the 
TSST has been found, but unlike my findings, that study also found that youth with greater 
oxytocin had reduced cortisol reactivity (Seltzer et al., 2014).  In a different study, Seltzer and 
colleagues found both cortisol and oxytocin reactivity to the TSST (Seltzer, Ziegler, & Pollak, 
2010), but oxytocin release was only observed if experimentally induced by socially supportive 
behaviors following the stressor (e.g., touch and vocalization), which was observed in this study 
with the nonverbal support behaviors. This pattern was also observed with enhanced oxytocin 
release only under conditions of greater mother-offspring affiliative behaviors following stress 
(Seltzer, Prosocoski, Ziegler, & Pollak, 2012). One other study found that endogenous oxytocin 
was reactive to a laboratory affiliation task (Gonzaga et al., 2006), particularly amongindividuals 
with greater romantic love and affiliation. It is thus possible that cortisol is reactive to the stress 
of the TSST, whereas oxytocin is reactive toaffiliation after the stressor within romantic dyads.   
Second, enhanced oxytocin reactivity finding may be more in line with literature on 
maternal attachment and aggressive behaviors during threatening conditions given the TSST’s 
ability to elicit social evaluative threat. That is, oxytocin does enhance affiliation, but an 
important component of affiliation is protection and safeguarding. Thus, while oxytocin 
facilitates maternal caregiving behaviors (Insel, 2000; Kendrick, 2000), increased oxytocin levels 
also facilitate maternal aggressive behaviors when their offspring encounters a threat (Debiec, 
2005; Pederson, 2004; Hrdy, 1999). When mothers sense a threat to their offspring, oxytocin 
mediates their responses to protect her own through reducing fearfulness (Uvnas-Moberg, 1997). 
This indicates that mothers become engaged with the threat, which activates the sympathethetic 
nervous system (fight or flight) and HPA axis (stress response), and it is through increased 
oxytocin that these systems come on line. The stress paradigm of the present study involves a 
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social evaluative threat, so it is possible that the TSST elicited a threat response similar to studies 
on maternal aggression. Perhaps for future studies, examining support partner’s oxytocin may be 
particularly similar to the extant literature on oxytocin facilitating protective responses in 
strongly affiliative individuals.  
Sex Differences 
A possible critique of the maternal aggression explanation is oxytocin’s role in males 
versus females related to social aggression. While some studies found sex differences in oxytocin 
reactivity and levels (Morhenn, Park, Piper, & Zak, 2008; Olff et al., 2013), other studies did not 
find any differences between males and females (Seltzer et al., 2014; Ditzen et al., 2008). The 
present study found no sex differences in oxytocin reactivity and oxytocin level influences on 
stress responsivity after controlling for sex. Understanding oxytocin’s role in response to 
stressful conditions adds valuable information to prevent or treat negative physiological 
symptoms due to noxious effects of stress on the body.   
Implications for Health and Well-Being 
The present study has important implications for health and well-being across the 
lifespan. Several literature reviews appeared in the past few decades to align research on social 
support as a stress coping resource in predicting long-term health outcomes (e.g., Uchino, 2006; 
Kiecolt-Glaser & Newton, 2001; Cohen & Wills, 1985; Kessler, McLeod, 1985; Wallston, 
Alagna, DeVellis, & DeVellis, 1983). Holt-Lunstad, Smith, and Layton’s (2010) meta-analytic 
review on social relationships and mortality showed that across 148 studies a 50% increase in 
predicting mortality was through the quality of social relationships. Their meta-analysis found 
that those who had stronger social integration (measured based on marital status, network-based 
inventories, and so forth) were at reduced risk of mortality as opposed to those who had weaker 
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social integration. Uchino and colleagues spent over a decade examining the influence of social 
supporton epidemiological outcomes, namely cardiovascular, neuroendocrine, and immune 
functions in the context of social relationships (Uchino, Cacioppo, & Kiecolt-Glaser, 1996; 
Uchino, 2006; Uchino, Carlisle, Birmingham, Vaughn, 2011; and Uchino, Bowen, Carlisle, and 
Birmingham, 2012). As stated in Uchino, Bowen, Carlisle, and Birmingham (2012), 
understanding the underlying biological and psychological mechanisms will help to elucidate the 
linkage between social support and mental and physical health outcomes, in which specific 
pathways of social support buffering can be matched to the context at which has the strongest 
impact. The present study adds to this literature by showing that both “in the moment” state-level 
social support as well as the background couple-level love and support within the dyad is 
important for influencing stress responsivity and that different forms of social support each exert 
their own impact on stress responsivity. 
Limitations of This Study 
 Although this study had many strengths (i.e., multiple measures of social support, non-
manipulation of support measures), there are also several limitations. First, systematic missing 
data posed as an issue, which shrunk the size of the data for the social support measures in 
particular. This study was a part of a larger investigation, which contained numerous other data, 
and even with a couple of missing data, the main variables of interest were sufficient for data 
analyses. Due to the small sample size, analyses were limited to predictors and moderators 
included in the multi-level models without any control variables, and many findings were 
marginally significant outcomes. The hypotheses in this study were focused on testing single 
measure moderators for which the study was sufficiently powered; however, examining control 
factors would have tested the robustness of the findings, if in fact, control variables (i.e., sex, 
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oxytocin level) impacted the findings. Relatedly, it would have been of interest (but not possible 
with the limited sample size) to measure multiple social support indices within a single model in 
order to determine multivariate effects. Second, it would have been ideal to measure social 
support questions, which were specific to the romantic couple. The Social Support 
Questionnaire-Revised Scale (Sarason et al., 1983) lacked specificity in concurrent support 
network and perceptions of support. The Social Provisions Scale (Cutrona & Russell, 1987) may 
have been a better match for this study in examining degree of perceived support from specific 
members of the support network. Third, the use of Optical Density values for the oxytocin data 
may not have been as effective as concentration values. Future analyses will focus on 
concentration values within the assays range of sensitivity. Despite these limitations, the study 
shed light on the biopsychosocial underpinnings of social support during stress in romantic 
relationships. 
Conclusion 
Conditional adaptation theory takes into account a person’s life history of stress 
experiences and social and environmental factors (social support) that may offset the negative 
effects of stress. The biopsychosocial model adds perspective to how stress responsivity may 
interact with the environment (Borrell-Carrio, Suchman, & Epstein, 2004; Dekkers et al., 2001) 
in which the HPA axis, limbic activation, genetic predispositions, perception of support, support 
providers, daily life stress, and history of life stress all make up a part of the person. Therefore, 
perceptions of provisional support can stem from a lineage of factors that impact psychological 
and physiological reactivity to and recovery from stress. This is beyond the scope of this study; 
however, it is a recommendation for future studies to include trait measures, which strengthens 
theoretical implications of the study. 
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Awareness of perceived thoughts can lead to self-preservation of future disease, harm, or 
threat. To put it another way, an individual has the ability to counter negative experiences of 
stress with their perceptionsof their support system. Management of acute day-to-day stressors 
can prepare an individual for global stressors, particularly because global stressors are 
experienced in groups and rarely alone. As both acute stress and global stress are generally 
naturally occurring environmental factors, social support with the understanding that an 
individual finds the support truly supportive is a natural resource for the betterment of future 
health.   
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APPENDIX I STATE SUPPORT QUESTIONNAIRE 
Please answer the following questions with a number according to the following scale: 
NONE (1)----------(2)----------(3)----------(4)----------(5)----------(6)----------(7) A LOT 
State Support 4-item Questionnaire: Participant 
1. ______ During your interaction with your partner today, how much emotional support 
did you receive? 
2. ______ Was this emotional support helpful when you were stressed? 
3. ______ During your interaction with your partner today, how much practical support did 
you receive? 
4. ______ Was this practical support helpful when you were stressed? 
State Support 4-item Questionnaire: Supporter 
1. ______ During your interaction with your partner today, how much emotional support 
did you provide? 
2. ______ Was this emotional support helpful to your partner when he/she was stressed? 
3. ______ During your interaction with your partner today, how much practical support did 
you provide? 
4. ______ Was this practical support helpful to your partner when he/she was stressed? 
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APPENDIX II INSTITUTIONAL REVIEW BOARD APPROVAL 
 
